
                                  INTERNATIONAL SCIENTIFIC JOURNAL OF ENGINEERING AND MANAGEMENT (ISJEM)                                             ISSN: 2583-6129 
                                   VOLUME: 05 ISSUE: 04 | APRIL – 2026                                                                                                     DOI: 10.55041/ISJEM06929                                                                                                                                        

                                         AN INTERNATIONAL SCHOLARLY || MULTIDISCIPLINARY || OPEN ACCESS || INDEXING IN ALL MAJOR DATABASE & METADATA        
 

© 2026, ISJEM (All Rights Reserved)  | www.isjem.com   | Impact Factor: 8.072                                                   |        Page 1 
 
 

Hand  Gesture Recognition System 
 

VEDANT TUKARAM NIKAM 

Computer Science and Engineering. 

Sandip University. 

Nashik, Maharashtra, India. 

   Vedantnikam395@email.com 

 

HITESH ARUN PATIL 

School of Computer Science and  

Engineering. 

Sandip University. 

Nashik, Maharashtra, India. 

hitesh.patil14114@gmail.com 

BHAVESH YOGESH NEMADE 

School of Computer Science and 

Engineering. 

Sandip University. 

Nashik, Maharashtra, India. 

nemadeb2845@gmail.com 

 

 

Dr. Sivaram Ponnusamy (Guide) 

School of Computer Science and 

Engineering. 

Sandip University. 

Nashik, Maharashtra, India. 

anil.sonawane2003@gmail.com 

ANKUSH SATISH BHARAMBE  

School of Computer Science and 

Engineering. 

Sandip University. 

Nashik, Maharashtra, India. 

ankushbharambe3012@gmail.com 

 

Dr.Umesh Pawar (HOD) 

School of Computer Science and 

Engineering. 

Sandip University. 

Nashik, Maharashtra, India. 

anil.sonawane2003@gmail.com 

 

A. Abstract 

Hand gesture recognition is a technology that enables interaction 

between humans and computers without physical contact. This project 

presents a real-time system that uses a webcam along with computer 

vision techniques to detect and recognize hand gestures. MediaPipe is 

used for hand landmark detection, while OpenCV processes the input 

images. The system extracts features such as finger positions and 

classifies gestures using machine learning methods. It achieves an 

accuracy of around 90– 95% under suitable conditions. This system 

provides a low-cost and efficient solution for touchless interaction and 

can be applied in areas like robotics, gaming, and smart home 

automation. 

Keywords—  Hand gesture recognition system , using to touchless 

system  

 

Introduction  

Hand gesture recognition is an emerging and rapidly growing 
field in Computer Vision and Human-Computer Interaction that 
enables communication between humans and machines through 
natural hand movements. In recent years, the demand for 
touchless and intuitive interfaces has increased significantly due 
to advancements in technology and the need for more hygienic 
interaction systems. Traditional input devices such as 
keyboards, mice, and touchscreen require physical contact, 
which can be limiting in many real-world scenarios. Hand 
gesture recognition provides an effective alternative by allowing 
users to interact with systems without any physical touch. 

Gesture recognition involves interpreting human gestures via 
mathematical algorithms and image processing techniques. 
Among various types of gestures, hand gestures are the most 
widely used because they are natural, expressive, and easy to 
perform. A hand gesture recognition system captures the 
movement and position of the hand using a camera and 
processes the captured images to identify specific gestures. 

These gestures are then translated into commands that a 
computer or device can understand and execute. 

The development of gesture recognition systems has evolved 
over time. Earlier systems relied heavily on hardware devices 
such as data gloves and sensors, which were expensive and 
uncomfortable for users. These systems required users to wear 
special equipment to track hand movements, making them less 
practical for everyday use. With the advancement of camera 
technology and software libraries, vision-based systems have 
gained popularity. Modern systems use cameras and advanced 
algorithms to detect and track hand movements in real time 
without requiring any external hardware. 

The integration of powerful libraries such as OpenCV and 
MediaPipe has significantly improved the performance and 
accessibility of gesture recognition systems. These tools provide 
efficient methods for image processing, hand tracking, and 
feature extraction. For instance, MediaPipe offers pre-trained 
models that can detect 21 hand landmarks, which are crucial for 
identifying finger positions and gestures accurately. This has 
made it easier for developers and researchers to build real-time 
applications with high accuracy and low computational cost. 

Hand gesture recognition systems have a wide range of 
applications across different domains. In the field of healthcare, 
these systems can be used to control medical equipment without 
physical contact, reducing the risk of infection. In gaming and 
virtual reality, gesture recognition enhances user experience by 
enabling natural interaction. It is also highly beneficial for 
assisting people with disabilities, especially in sign language 
recognition systems that help bridge communication gaps 
between hearing-impaired individuals and others. Additionally, 
gesture-based control systems are widely used in smart homes, 
robotics, and automation industries. 

Despite its advantages, hand gesture recognition also faces 
several challenges. Variations in lighting conditions, complex 
backgrounds, and differences in hand shapes and sizes can 
affect the accuracy of the system. Real-time processing requires 
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efficient algorithms to ensure fast and accurate detection. 
Moreover, distinguishing between similar gestures can 
sometimes be difficult, leading to misclassification. Researchers 
are continuously working on improving these systems by 
incorporating machine learning and deep learning techniques to 
enhance robustness and accuracy. 

The main objective of this research is to design and implement a 
real-time hand gesture recognition system using computer 
vision techniques. The proposed system aims to detect hand 
gestures accurately using a webcam and process them 
efficiently to perform specific actions. By utilizing advanced 
tools and algorithms, this system seeks to provide a low-cost, 
user-friendly, and reliable solution for touchless interaction. 

. 

II. LITERATURE  

1. Early Sensor-Based Approaches 

Initial research in gesture recognition relied on hardware 

devices such as data gloves equipped with sensors to capture 

hand movements. These systems provided accurate 

measurements of finger bending and hand orientation. 

However, they required users to wear physical devices, making 

them uncomfortable and expensive. Additionally, these 

systems were not suitable for real-time everyday applications 

due to their dependency on specialized hardware. 

 
2. Vision-Based Gesture Recognition Systems 

With the advancement of Computer Vision, researchers shifted 

toward vision-based approaches that use cameras to capture 

hand gestures. These systems eliminate the need for wearable 

devices and provide a more natural interaction experience. 

One of the most widely used tools in this domain is OpenCV, 

which provides efficient image processing techniques such as 

edge detection, contour detection, and background subtraction. 

Researchers have used these methods to segment the hand 

region from the background and identify gesture patterns. 

While these techniques are computationally efficient, they are 

highly sensitive to lighting conditions and background noise. 

 
3. Skin Color Detection Techniques 

Several studies have focused on detecting hand regions using 

skin color segmentation. These methods convert images into 

different color spaces such as HSV or YCbCr to identify skin-

colored pixels. Although this approach is simple and fast, it 

suffers from limitations such as varying skin tones, lighting 

conditions, and interference from objects with similar colors. 

 
4. Feature-Based Recognition Methods 

Feature extraction plays a crucial role in gesture recognition. 

Researchers have used geometric features such as finger 

angles, distances between fingertips, and contour shapes to 

classify gestures. These features are then fed into classifiers 

such as k-Nearest Neighbors (KNN) and Support Vector 

Machines (SVM). 

While these methods improve accuracy compared to basic 

image processing techniques, they still require careful feature 

engineering and may not perform well in complex 

environments. 

 
5. Machine Learning Approaches 

The introduction of machine learning has significantly 

enhanced gesture recognition systems. Models trained using 

algorithms such as Decision Trees, KNN, and SVM can 

classify gestures based on extracted features. Frameworks like 

TensorFlow have enabled researchers to build more robust 

systems. 

For example, a study conducted in 2021 used SVM for gesture 

classification and achieved an accuracy of around 90%. 

However, the system required extensive training data and 

struggled with real-time performance. 

 
6. Deep Learning-Based Methods 

Deep learning techniques have revolutionized the field of 

gesture recognition by eliminating the need for manual feature 

extraction. Convolutional Neural Networks (CNNs) can 

automatically learn features from images and provide high 

accuracy. 

Frameworks such as PyTorch and TensorFlow are widely used 

for implementing deep learning models. These systems can 

recognize complex gestures and perform well under varying 

conditions. However, they require large datasets and high 

computational power, making them less suitable for low-cost 

systems. 

 
7. Real-Time Hand Tracking with MediaPipe 

Recent advancements include the use of MediaPipe, which 

provides a real-time hand tracking solution. MediaPipe uses 

pre-trained models to detect 21 hand landmarks, enabling 

accurate gesture recognition without requiring large datasets. 

Studies using MediaPipe have shown high accuracy and real-

time performance, making it suitable for applications such as 

virtual mouse control and sign language recognition. Despite 

its advantages, the system may still face challenges in detecting 

multiple hands or gestures in highly complex backgrounds. 

 
8. Hybrid Approaches 

Some researchers have combined multiple techniques, such as 

image processing and deep learning, to improve system 

performance. These hybrid approaches aim to balance accuracy 

and computational efficiency. For instance, preprocessing is 

performed using OpenCV, while classification is handled using 

deep learning models. 

 
9. Comparative Analysis of Existing Systems 

Method Accuracy Advantages Limitations 

Sensor-

Based 
High Accurate tracking 

Expensive, not 

user-friendly 

Image 

Processing 
Medium Fast, simple 

Sensitive to 

lighting 

Machine 

Learning 
High 

Better 

classification 

Needs training 

data 

Deep 

Learning 

Very 

High 

Automatic feature 

extraction 
High computation 

MediaPipe High 
Real-time, 

efficient 

Limited complex 

gestures 

 
10. Research Gaps Identified 

Based on the literature, the following gaps are identified 
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• Many systems require high computational 

resources  

• Sensitivity to environmental conditions (lighting, 

background)  

• Limited accuracy for complex gestures 

• Lack of low-cost and real-time solutions  

• Difficulty in handling multiple users 

simultaneously  

 

III. PROPOSED SYSTEM 

The proposed system presents a real-time hand gesture 

recognition framework that enables users to interact with a 

computer system without physical contact. Unlike traditional 

systems that rely on keyboards, mice, or sensor-based devices, 

the proposed system uses a webcam and advanced image 

processing techniques to detect and interpret hand gestures 

efficiently. 

The system is designed using concepts from Computer Vision 

and Human-Computer Interaction, ensuring natural and 

intuitive communication between humans and machines. It 

utilizes modern libraries such as OpenCV for image processing 

and MediaPipe for hand tracking and landmark detection. 

The main objective of the proposed system is to provide a low-

cost, efficient, and real-time solution for gesture-based 

interaction. The system captures live video input through a 

webcam, processes each frame to detect the hand region, 

extracts important features such as finger positions, and 

classifies the gesture based on predefined rules. 

One of the key advantages of the proposed system is that it 

does not require any external hardware such as gloves or 

sensors. This makes it user-friendly and accessible for a wide 

range of applications, including virtual mouse control, gaming, 

smart home automation, and assistive technologies for disabled 

individuals. 

The system is capable of recognizing multiple gestures such as: 

• Open hand  

• Closed fist  

• Thumbs up  

• Pointing gesture  

Each gesture is mapped to a specific action, enabling the user 

to control the system effectively. The use of MediaPipe allows 

the system to detect 21 hand landmarks, which improves the 

accuracy of gesture recognition significantly. 

In addition, the proposed system is optimized for real-time 

performance, ensuring minimal delay between gesture input 

and system response. This makes the system suitable for 

interactive applications where speed and accuracy are critical. 

Despite its advantages, the system may face challenges such as 

sensitivity to lighting conditions and difficulty in recognizing 

gestures in complex backgrounds. However, these limitations 

can be minimized through proper preprocessing techniques and 

improved algorithms. 

In conclusion, the proposed system offers a practical and 

efficient solution for touchless human-computer interaction by 

leveraging modern computer vision technologies. The 

architecture of the proposed hand gesture recognition system 

consists of multiple modules that work together to capture, 

process, recognize, and respond to hand gestures. 

 

• Architecture Diagram 

        +------------------+ 

        |     Webcam       | 

        | (Video Input)    | 

        +------------------+ 

                 ↓ 

        +------------------+ 

        | Image Acquisition| 

        +------------------+ 

                 ↓ 

        +------------------+ 

        |  Preprocessing   | 

        | RGB Conversion   | 

        | Noise Removal    | 

        +------------------+ 

                 ↓ 

        +------------------+ 

        |  Hand Detection  | 

        |   MediaPipe      | 

        +------------------+ 

                 ↓ 

        +------------------+ 

        | Feature Extraction| 

        | 21 Landmarks     | 

        +------------------+ 

                 ↓ 

        +------------------+ 

        | Gesture          | 

        | Classification   | 

        +------------------+ 

                 ↓ 

        +------------------+ 

        | Output / Action  | 

        +------------------+ 

MODULE DESCRIPTION 

 

     1. Webcam / Video Input 

A webcam captures live video frames continuously. These 

frames act as input for the gesture recognition system. 

         2. Image Acquisition 

The captured video is divided into frames. Each frame is sent 

for further processing. 

           3. Preprocessing 

In this stage, image quality is improved using: 

• RGB color conversion 

• Noise reduction 

• Smoothing 

• Background filtering 

This improves hand detection accuracy. 

4. Hand Detection 

The system detects the hand region using MediaPipe. It 

identifies the hand shape and tracks movement in real time. 

      5. Feature Extraction 

The system extracts 21 hand landmarks such as: 

• Thumb tip  

• Index fingertip  

• Finger joints  

• Palm center  

These features are used to understand hand posture. 

             6. Gesture Classification 
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Based on landmark positions, gestures are recognized such as: 

• Open Palm  

• Closed Fist  

• Thumbs Up  

• Pointing Gesture  

• 7. Output / Action 

After recognition, the system performs actions like: 

• Cursor movement  

• Mouse click  

• Volume control  

• Open/Close applications  

 
•  WORKING FLOW 

1. Start webcam  

2. Capture live frame  

3. Preprocess image  

4. Detect hand landmarks  

5. Extract features  

6. Recognize gesture  

7. Perform action  

8. Repeat continuously  

 
•  ADVANTAGES OF ARCHITECTURE 

• Real-time response  

• Touchless control  

• Low cost  

• High accuracy  

• Easy implementation  

• Scalable for future upgrades  

 

 

IV. RESULT AND DISSCUSSION 

THE RESULTS AND DISCUSSION SECTION PRESENTS THE 

PERFORMANCE ANALYSIS OF THE PROPOSED HAND GESTURE 

RECOGNITION SYSTEM DEVELOPED USING COMPUTER VISION 

TECHNIQUES. THE SYSTEM WAS IMPLEMENTED USING PYTHON 

AND TESTED WITH THE HELP OF OPENCV AND MEDIAPIPE. THE 

MAIN OBJECTIVE OF TESTING WAS TO EVALUATE THE 

ACCURACY, SPEED, AND RELIABILITY OF THE SYSTEM IN 

RECOGNIZING DIFFERENT HAND GESTURES UNDER REAL-TIME 

CONDITIONS. 

THE PROPOSED SYSTEM WAS TESTED USING A STANDARD 

WEBCAM IN DIFFERENT ENVIRONMENTS SUCH AS INDOOR 

ROOMS, CLASSROOMS, AND NORMAL OFFICE CONDITIONS. 

DURING TESTING, USERS PERFORMED SEVERAL PREDEFINED 

GESTURES INCLUDING OPEN PALM, CLOSED FIST, THUMBS UP, 

AND POINTING GESTURE. THE WEBCAM CONTINUOUSLY 

CAPTURED VIDEO FRAMES, AND THE SYSTEM PROCESSED EACH 

FRAME TO DETECT HAND LANDMARKS AND CLASSIFY THE 

GESTURE. 

THE EXPERIMENTAL RESULTS SHOWED THAT THE SYSTEM WAS 

ABLE TO RECOGNIZE HAND GESTURES ACCURATELY IN REAL 

TIME. UNDER NORMAL LIGHTING CONDITIONS, THE AVERAGE 

RECOGNITION ACCURACY WAS FOUND TO BE BETWEEN 90% 

AND 95%. THE OPEN PALM GESTURE SHOWED THE HIGHEST 

RECOGNITION RATE BECAUSE ALL FINGERS REMAIN CLEARLY 

VISIBLE TO THE CAMERA. THE CLOSED FIST GESTURE ALSO 

PERFORMED WELL, WHILE GESTURES INVOLVING PARTIAL 

FINGER MOVEMENT SOMETIMES SHOWED SLIGHT 

CLASSIFICATION ERRORS. 

A. GESTURE RECOGNITION ACCURACY 

GESTURE TYPE ACCURACY (%) 

OPEN PALM 95% 

CLOSED FIST 92% 

THUMBS UP                            94% 

POINTING GESTURE 91% 

FROTHE ABOVE TABLE, IT CAN BE OBSERVED THAT SIMPLE 

STATIC GESTURES ACHIEVED BETTER RESULTS COMPARED TO 

MORE COMPLEX FINGER ARRANGEMENTS. 

B. REAL-TIME PERFORMANCE 

THE SYSTEM SUCCESSFULLY PROCESSED VIDEO FRAMES WITH 

MINIMAL DELAY, ALLOWING SMOOTH INTERACTION BETWEEN 

THE USER AND THE COMPUTER. REAL-TIME GESTURE 

RECOGNITION IS IMPORTANT FOR APPLICATIONS SUCH AS 

VIRTUAL MOUSE CONTROL AND SMART DEVICE OPERATION. THE 

USE OF MEDIAPIPE HAND LANDMARK DETECTION IMPROVED 

PROCESSING SPEED SIGNIFICANTLY. 
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. ENVIRONMENTAL IMPACT ON PERFORMANCE 

THE SYSTEM PERFORMANCE WAS INFLUENCED BY EXTERNAL 

CONDITIONS SUCH AS LIGHTING, BACKGROUND, AND HAND 

DISTANCE FROM THE CAMERA. 

LIGHTING CONDITIONS 

• GOOD LIGHTING PRODUCED EXCELLENT RESULTS.  

• LOW LIGHTING REDUCED LANDMARK DETECTION 

ACCURACY.  

• EXCESSIVE BRIGHTNESS CAUSED IMAGE 

DISTORTION.  

BACKGROUND CONDITIONS 

• PLAIN BACKGROUNDS IMPROVED DETECTION.  

• COMPLEX OR CLUTTERED BACKGROUNDS REDUCED 

RECOGNITION EFFICIENCY.  

CAMERA DISTANCE 

• PROPER HAND DISTANCE GAVE BEST RESULTS.  

• VERY NEAR OR FAR HAND POSITIONS AFFECTED 

ACCURACY.  

D. DISCUSSION 

V. THE PROPOSED SYSTEM DEMONSTRATES THAT HAND GESTURE 

RECOGNITION CAN BE IMPLEMENTED EFFECTIVELY USING LOW-

COST HARDWARE AND SOFTWARE TOOLS. COMPARED TO 

TRADITIONAL SENSOR-BASED SYSTEMS, THE PROPOSED MODEL 

ELIMINATES THE NEED FOR GLOVES OR EXTERNAL DEVICES. IT 

OFFERS A MORE NATURAL AND HYGIENIC METHOD OF 

INTERACTION. 

THE USE OF OPENCV HELPED IN IMAGE PREPROCESSING, WHILE 

MEDIAPIPE ACCURATELY TRACKED 21 HAND LANDMARKS. THIS 

COMBINATION PROVIDED A RELIABLE SOLUTION FOR 

RECOGNIZING GESTURES QUICKLY. THE SYSTEM IS SUITABLE 

FOR USE IN EDUCATION, GAMING, HEALTHCARE, HOME 

AUTOMATION, AND ASSISTIVE TECHNOLOGIES. 

VI. HOWEVER, SOME LIMITATIONS WERE OBSERVED DURING 

TESTING. THE SYSTEM MAY FAIL UNDER POOR LIGHTING 

CONDITIONS OR WHEN THE HAND IS PARTIALLY HIDDEN. FAST 

HAND MOVEMENT CAN ALSO REDUCE RECOGNITION ACCURACY 

DUE TO MOTION BLUR. 

E. COMPARATIVE ANALYSIS 

PARAMETER 
EXISTING 

SYSTEMS 

PROPOSED 

SYSTEM 

COST HIGH                                LOW 

HARDWARE 

REQUIREMENT 
SENSORS/GLOVES   WEBCAM ONLY 

ACCURACY MEDIUM TO HIGH     HIGH 

REAL-TIME RESPONSE MODERATE     EXCELLENT 

USER COMFORT LIMITED      HIGH 
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